Abstract. This paper explains the meaning of the term smart in the context of city management through an approach based on relevant scientific literature review as well as official documents of international institutions. It also identifies key elements characterizing a smart city. Furthermore, the study shows how to measure and compare urban smartness for instance using ISO 37120 Standard. The test procedure used taxonomic methods such as Hellwig's synthetic indicator. The main goal of the research is to analyze and evaluate of the smartness cities in Poland. The result of the study is the author's ranking of Polish cities in view of their level of smartness. The most smartness cities proved Polish
Introduction
In the last three decades, the concept of smart city has become more and more popular in scientific literature and international policies in particular urban spatial management (European Union 2014). Cities play a huge role in social and economic aspects worldwide and have a major impact on the natural environment. Whereas only 10 percent of the world's population lived in cities in 1900, urbanization is a defining phenomenon of the 21 st century. Currently cities produce greater than 75 percent of global GDP. The world's urban population will double from 2010 (2.6 billion) to 2050 (5.2 billion) (Lierow 2014; United Nation 2015) . The importance of urban area as a global occurrence is confirmed by the diffusion of megacities of more than 20 million people in Asia, Latin America and Africa.
The need for globally comparable data and knowledge on cities has never been greater. The ISO 37120:2014: Sustainable Development of Communities -Indicators for City Services and Quality of Life is the first standard of the International Organization for Standardization concerned with city metrics. It defines and establishes methodologies to be used with a set of indicators which steer and measure the performance of city services and quality of life. ISO 37120:2014 can be applied to any city, municipality or local government, irrespective of size and location.
This study aims to analyze and evaluate the smartness of cities in Poland. The research included 304 cities of Poland. The main result is the author's ranking of Polish cities in view of their level of smartness. The author used statistical data from the Local Data Bank of the Central Statistical Office and reports prepared by the Institute of Geography and Spatial Organization of the Polish Academy of Sciences, the International Organization for Standardization and the European Union. The test procedure covered the taxonomic methods such as Hellwig's synthetic indicator.
Background literature
Smart cities are areas of high concentrations of learning and innovation. In such territories creativity, innovation and entrepreneurship, connected with digital infrastructure, aspire to stimulate economic growth, sustainable development and a better quality of life for citizens (Schaffers et al. 2011; Shapiro 2006) . The smart city has a variety of definitions and interpretations (Chourabi et al. 2012; Hernández-Muňoz et al. 2011; Ricciardi, Za 2014) . The concept of smart city is an attempt to answer problems such as urbanization, aging of social infrastructure, congestion, reduction of CO2 emissions (Richter et al. 2015; Cocchia 2014; Paskaleva 2009) . The smart city is concerned primarily with the integration of Information & Communica-tion Technologies with processed performed in the city (those concerning urban infrastructures, including: energy, water, buildings, transportation, communications, administrative services) with the aim to obtain optimal efficiency of these processes (Dameri, Cocchia 2013; Papa et al. 2013) . This integration results from strategy, planning, and programs developed by ICT companies for municipal authorities, e.g. Toshiba, Ericsson, Cisco, IBM, Siemens, Apple.
The term "smart city" was first used in the 1990s (Tranos, Gertner 2012; Bakici et al. 2013; Sainz Pena 2011) . At that time, the meaning focused on new information technologies with regard to modern infrastructures within cities. Smart city refers to the interception of data through the use of sensors, meters and appliances and the integration of that data in a computing platform that allows the communication of such information to various city services allowing them to make better operational decisions (Allwinkle, Cruickshank 2011; Dameri 2013; Tachizawa et al. 2015) . Some years later, scientific institutes and public agencies started criticizing the idea of smart cities as being too technically oriented and claimed that smart city should emphasize the role of human capital. A few years ago researchers started to show the social aspects within the context of a smart city. Within that concept particularly interesting is the inclusion of the quality of life of the citizens of that city (Shapiro 2006; Batagan 2011) . Other interpretations suggest that smart implies intelligent, because that smartness is realized only when an intelligent system adapts itself to the users' needs (Leydesdorff, Deakin 2011; Lombardi 2011) . In literature it is acknowledged that there is a lack of a consensus on how to classify smart cities. The line between smart cities and similar concepts such as creative and intelligent cities is vague. Thus, there exists a need for a clear definition of the determinants of a smart city which is consensually accepted. Table 1 outlines some of the different definitions and meanings of the concept of a smart city in the chronological order. It also explains that ICT in cities should be used in every subsystem to improve quality of life of citizens. A city that monitors and integrates conditions of all its critical infrastructure, including roads, bridges, tunnels, rails, subways, airports, seaports, communications, water, power, even major buildings, can better optimize its resources, plan its preventive maintenance activities, and monitor security aspects while maximizing services to its citizens Florida 2002 Applied by city officials, urban planners, businesses and anyone interested in city development today with the goal of redefining the city as a creative center Komninos 2006 A cities are territories with high capacity for learning and innovation, which is built in the creativity of their population, their institutions of knowledge creation and their digital infrastructure for communication and knowledge management Giffinger et al. 2007 A digital platform on which a complex ecosystem of multiple agents (including administration, companies and citizens) is development, equipped with sensors and capable of offering, through the processing of all the information acquired by the sensor network, the best services possible at every moment
Hollands 2008
It is the implementation and deployment of information and communication technology infrastructures to support social and urban growth through improving the economy, citizens' involvement efficiency
Safe, secure, environmental and efficient urban centre of the future with advanced infrastructures such as sensors, electronic devices and networks to stimulate sustainable economic growth and a high quality of life Nam, Pardo 2011
A smart city infuses information into its physical infrastructure to improve conveniences, facilitate mobility, add efficiencies, conserve energy, improve the quality of air and water, identify problems and fix them quickly, recover rapidly from disasters, collect data to make better decisions, deploy resources effectively, and share data to enable collaboration across entities and domains Lombardi et al. 2012 The application of information and communications technology with effects on human capital/education, social and relational capital, and environmental issues is often indicted by the notion of smart city
Researchers emphasize the importance of the integration of a city's various systems such as transportation, energy, education, health care, technical infrastructure, public safety in creating a smart city (Papa et al. 2013 ). Giffinger and Gudrum identified six main components of a smart city. These elements include a smart economy, smart mobility, a smart environment, smart people, smart living, and smart governance (Giffinger, Gudrun 2010) . In this area scientists rely on traditional theories of urban growth and development: regional competitiveness, transport and ICT economics, natural resources, quality of life. However, many researchers argue that the last component does not represent a separate dimension of a smart city because all the operations performed in other areas should have the objective of raising the quality of life. Lombardi et al. have linked these components with different aspects of urban life. For instance, smart economy has been connected with the presence of ICT enterprises (Lombardi et al. 2012 ). Nam and Pardo mark out technology, people (creativity, diversity, education) and institutions (governance, policy) (Nam, Pardo 2011) . A city becomes truly smart when investment in human and social capital, together with ICT infrastructure, creates sustainable development. The Table 2 presents components of a smart city. Various methods and measurement indices were created according to the several meanings of the concept of a smart city. Rating systems using synthetic quantitative indicators are receiving increasing attention among city managers and policy makers and are to utilized to decide where to focus resources, as well as how to enhance the city's performance. Nowadays every city needs indices to measure its performance but existing indicators are usually not standardized, inconsistent and incomparable. The ISO 37120 standard is a set of standardized indicators which provide a uniform approach to what is measured and how that measurement is performed (Steele 2014) . In general, ISO 37120 defines indicators divided into 17 themes (Tillie 2014; Lynch 2015) . These indicators can be used to track and monitor progress of a city's sustainable development. Planning for future needs must take into consideration current effectiveness of resource use (McCarney 2015) . The indicators have been developed in order to help cities learn from one another by allowing comparisons across a wide range of performance measures and sharing best practices.
Research methodology
Classification of Polish cities from point of view of their smartness was examined using Z. Hellwig's method, based on the synthetic indicators. Hellwig's taxonomic method is based on the construction of an abstract object Po, called the pattern of development (Strahl 1978; Nowak 1990) . In this study, the meter was used to organize Polish cities according to the attained level of smartness. Included diagnostic variablles are first subjected to standardization. In the next stage characteristics of the variables taken into account were specified, among with stimulants and destimulants of development were distinguished. The pattern of development has been defined as an object characterized by the highest values for stimulants and smallest for destimulants. The distance between the cities and the object Po is calculated as Euclidean distance.
The test procedure consisted of the following steps (Strahl 1978; Nowak 1990; Grabiński 1992; Młodak 2006 Młodak , 2012 Panek 2009; Olszewska 2014) :
− normalizing of the set of variables using the following formula:
where: ij z -the standardized value of the j-th variable on object i; ij x -the value of the j-th variable on object i; (2) where: max x -the maximum value of the j-th variable;
-the minimum value of the j-th variable;
− count the critical distance between objects and the "ideal object" o c using the following formula:
− count the synthetic measure of development proposed by Hellwig di by the following formula:
where: i d -the taxonomic measure of development proposed by Hellwig; o c -the critical distance between objects and the "ideal object"; − grouping on the based value of the synthetic measure all the cities into four groups:
I class if the synthetic measure is
if the synthetic measure is
where: i d the average of the taxonomic measure di; Sdi -the standard deviation of the taxonomic measure di.
Results and discussion
To evaluate the level of smartness of Polish cities Hellwig's method was applied. Analysis data was supplied by the Local Data Bank of the Central Statistical Office for the year 2014 covering 304 Polish urban gminas. Seventy of these cities have full coverage planning. Polish cities are covered in 55.7 percent by local plans (Śleszyński et al. 2015) . Based on the review of literature mentioned above, the author adopted the following indicators as thirteen diagnostic variables. For each city thirteen indicators which represent different components of the ISO 37120 Standard have been calculated. Nine variables represent city services and four variables apply to the quality of life. Two variables are destimulants (X3, X6) and remaining eleven variables are stimulants. All statistical analyses in this article were performed using the Microsoft Office Excel 2010 software. The Table 3 outlines indicators of a smart city and components of ISO 37120 Standard.
Classification by synthetic measure calculated by Hellwig, based on thirteen selected features, identified as the most smartness cities in 2014 Krynica Morska and a synthetic index amounts 0.28. This city has the highest total revenue reaching 23,897.38 PLN per capita. Calculated synthetic smartness indicator allowed the isolation of groups of cities characterized by a similar level of smartness. In this way, four classes of cities were identified: − Group I: the cities with the highest smartness, − Group II: the cities with the middle rate of smartness, − Group III: the cities with a low rate of smartness, − Group IV: the cities with the lowest rate of smartness. The group with the highest smartness includes 42 cities and a synthetic index amounts di > 0.11. This class includes most Polish metropolitan cities (Wrocław, Katowice, Poznań, Kraków), tourist cities (Sopot, Łeba, Jastarnia, Władysławowo), suburban cities (Podkowa Leśna, Zielonka, Pruszcz Gdański) and post-mining cities (Chorzów, Gliwice, Siemianowice Śląskie). The capital of Poland ranks a distant fifth position within this group. This class is characterized by the smallest area covered by local plans. Karpacz has the largest number of entities entered in the REGON register at 7692 per 10 thousand of population. Józefów has the largest share of newly-registered creative sector entities within the total number of newlyregistered entities reaching 13.4 percent. The group with the middle rate of smartness consists of 91 cities and a synthetic index amounts 0.07 < di ≤ 0.11. The low ranking of the city of Toruń, the largest regional city, should be noted (it is 64 position). This class is characterized by the highest share of area covered by local plans and the highest computerization rate in primary and secondary schools.
The third group with a low rate of smartness includes 143 cities and a synthetic index amounts 0.036 < di ≤ 0.072.
The fourth group consists of 28 cities and a synthetic index amounts di ≤ 0.036. The last position on the list of cities belongs to Konin. This city has the largest consumption of water for needs of the national economy and population reaching 17,904.1 m 3 per capita because of the location of its power plant Pątnów-Adamów-Konin. The Table 4 presents the ranking of Polish cities. 
Conclusions
The literature review in the context of urban spatial management shows that the concept of a smart city is a popular subject of scientific research. There are a lot of definitions and classification of components of a smart city. The most practical methods to measure a city's performance is through the use of the ISO 37120 Standard. One of the dimension of a smart city is urban planning. Smart cities should implement good quality local spatial development plans.
Through the application of the taxonomic method using Hellwig's composite measure of development Polish cities were compared using thirteen indicators. The author divided the cities of Poland into four independent classes. The results obtained were used to rank the analyzed cities in terms of their levels of smartness. The most smartness cities proved Polish metropolises (Wrocław, Katowice, Poznań, Kraków), tourist cities (Sopot, Łeba, Jastarnia, Władysławowo), suburban cities (Podkowa Leśna, Zielonka, Pruszcz Gdański) and post-mining cities (Chorzów, Gliwice, Siemianowice Śląskie). The analysis presented a need to improve city services and the quality of life in cities falling into the fourth class.
Possible areas for future research may include issues such as business models for smart city organizations. Finally, the author hopes that this study will encourage policy makers and city managers to implement the ISO 37120 Standard in their urban systems which will facilitate the monitoring of city services.
